A total of 15 strains of the genus Nocardiopsis were characterized chemotaxonomically and physiologically in an attempt to resolve their taxonomy. These strains fell into two h a , which differed in cell wall composition and menaquinone, phospholipid, and fatty acid patterns. Ten of the strains assessed in this study belong to the genus Nocardiopsis and can be assigned to five species on the basis of their physiology. Nocardiopsis dussonvillei subsp. dassonvillei is heterogeneous; N. dassonvillei remains centered on the type strain (strain DSM 43111), and the remaining strains form a new subspecies, Nocardiopsis albus subsp. albus sp. nov. (type strain, strain DSM 43377). The former N. dussonvillei subsp. prasina is recognized as a close relative of the latter organism and is designated N. dbus subsp. prasina comb. nov. Two formerly misclassified species of the genus Actinomyces not on the Approved Lists are revived as Nocardiopsis alborubidus sp. nov. and Nocardiopsis listen' sp. nov. The remaining five Nocardiopsis species (Nocardiopsis coeruleofusca, Nocardwpsis Java, Nocardiopsis longispora, Nocardiopsis mutabilis, and Nocardiopsis syringae) appear to be misclassified, and, on the basis of their similarities to the type species Saccharothrix australiensis, reclassification in the genus Saccharothrix should be considered. Nocardiopsis atra and Nocardiopsis africana were not included in this study.
Lechevalier and Lechevalier showed that all members of the family Streptomycetaceae contain LL-diaminopimelic acid in their cell walls (17) . Later studies of Pridham and Lyons (29) and Kroppenstedt and Kutzner (11) on the cell walls of more than 500 streptomycete species showed that some of the streptomycetes were incorrectly classified because the meso isomer and not the LL isomer of diaminopimelic acid was detected in whole-cell hydrolysates. Some of these strains lack the diagnostic sugars defined by Lechevalier and Lechevalier (17) and seem to be closely related to members of the genus Nocardiopsis. Therefore, we examined these so-called "DL streptomycetes" by using physiological and chemotaxonomic methods. For comparison we included all of the known members of the genus Nocardiopsis except Nocardiopsis antarcticus (1) , for which only the fatty acids were analyzed, and "Nocardiopsis atra" (W. D. Celmer et al., U.S. patent 55194C, July 1980), which was not available to us. Nocardiopsis africana DSM 43748 was not included in our investigations because this organism has already been reclassified by Poschner et al. (25) as a member of the Actinomadura pusilla group.
MATERIALS AND METHODS
The strains which we investigated and their source are listed in Table 1 . Most of the Nocardiopsis species were grown at 28°C on CYC agar (Czapek-Dox agar supplemented with 2.0 g of yeast extract per liter and 6.1 g of Casamino Acids per liter) because sporulation was best on this medium. One strain, "Streptomyces listeri" DSM 40297T (T = type strain), was cultivated on Hickey-Tresner agar (8, 9) . The strains that belong to the genus Saccharothrix were grown on two different agar media. Saccharothrix aerocolonigenes DSM 40034T and DSM 43385, Nocardiopsis coeruleofusca DSM 43679T and Nocardiopsis longispora DSM 43749T were cultivated on peptone-maize agar (8), and Saccharothrix australiensis DSM 438QOT, Nocardiopsis jlava DSM 438UT, Nocardiopsis mutabilis DSM 43853T,
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Nocardiopsis syringae DSM 43886T, and "Nocardia capreola" DSM 40225 were grown on ATCC medium 172 agar (American Type Culture Collection, Rockville, Md.). For biochemical studies the organisms were cultivated in a complex culture broth containing (per liter) 10 g of glucose, 5 g of peptone, 5 g of yeast extract, and 5 g of beef extract (pH 7.2). After 5 days of incubation the cells were harvested and freeze-dried. The sugar patterns were elucidated by using the methods of Lechevalier and Lechevalier (17) as modified by Stanek and Roberts (36) . The phospholipids were analyzed by using the methods of Minnikin et al. (23) . For extraction, purification and identification of isoprenoid quinones we followed the procedures described by Kroppenstedt (10) . The bacterial cellular fatty acid gas-liquid chromatography analysis was performed as described by Miller (21) . For gas-liquid chromatography analysis the strains were cultured in Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.) for 4 days at 28°C. The cells were harvested by filtration or centrifugation, and about 40 mg (wet weight) of cells was saponified, methylated, extracted, and analyzed by using the Microbial Identification System (MIS) described by Miller (22) . MIS Library Generation Software (Microbial ID, Newark, Del.) was used for the numerical analysis of the fatty acid results. The media described below were used for the physiological studies (see Table 6 ).
Esculin hydrolysis and lysozyme resistance (50 pg of lysozyme per ml) were tested by using the method of Gordon et al. (7) .
Resistance to 5% NaCl was tested on the medium described by Greiner-Mai et al. (8) .
Decomposition of the organic acids quinate, citrate, lactate, malate, and malonate was tested on a medium containing (per liter) 3.27 g of BuHa broth (catalog no. 0578-01; Difco Laboratories, Detroit, Mich.), 5 g of organic acid, 0.025 g of bromothymol blue, and 12 g of agar. The decomposition of the organic acids was monitored by an alkaline reaction and also by the growth of the test organisms.
Hydrolysis of calcium oxalate was tested on a medium containing (per liter) 1 g of calcium oxalate, 1 g of (NHJZHPO,, 0.5 g of KHZPO,, 0.2 g of MgSO4 * 7H,O,1 g of NaCl, and 12 g of agar (pH 7.2). Decomposition of the aromatic acids benzoic acid, salicylic acid, meta-hydroxybenzoic acid, and para-hydroxybenzoic acid was also tested. The disappearance of the typical UV absorption of each compound in medium containing 0.3 g of the aromatic substrate per liter was monitored (38) .
Hydrolysis of adenine, hypoxanthine, tyrosine, and xanthine and decomposition of sugars and sugar alcohols (5 g/liter) were tested on the basal medium described by Seiler (30) .
The results were analyzed by numerical taxonomy. The coefficient of similarity used was that of Sneath (34) . The clustering method used was the average linkage procedure described by Sneath and Sokal (35). In addition to the 32 physiological characters (see Table 6 ), the following 34 chemotaxonomic characters were included in the numerical taxonomic analysis: occurrence of mycolic acids, meso-or LL-diaminopimelic acid, and the diagnostic sugars arabinose, galactose, xylose, madurose, and rhamnose in whole-cell hydrolysates; occurrence of the seven menaquinones listed in Table 2 ; occurrence of 11 phospholipids (phosphatidylinositol, phosphatidylinositolmannosides, phosphatidylcholine, lyso-phosphatidylethanolamine, phosphatidylglycerol, cardiolipin, phosphatidylethanolamine, monomethylphosphatidylethanolamine, phosphatidylethanolamine with 2-hydroxylated fatty acids, unknown glucosamine-containing lipids [16] , and unknown phospholipids with mobilities greater than cardiolipin on two-dimensional thin-layer chromatographs); and occurrence of eight fatty acids (iso-15:0, iso-16:0, iso-17:0, anteiso-15:0, anteiso-l7:0, 18: 1-cis9, 18:OlOMe, and iso-and anteiso-branched 2-hydroxylated fatty acids).
RESULTS AND DISCUSSION
Chemotaxonomy. On the basis of the biochemical characteristics investigated (Tables 2 through 4), the 15 strains could be divided into two clusters. Cluster I, with Nocardiopsis dassonvillei subsp. dassonvillei as the type of the genus Nocardiopsis Meyer 1976, had the following characteristics: meso-diaminopimelic acid in the peptidoglycan; no diagnostic sugars present (cell wall type I11 according to the classification of Lechevalier and Lechevalier [17] ); the main menaquinones ( Table 2) Cluster I1 consists of five Nocardiopsis species. Nocardiopsis coeruleofusca DSM 43679T, Nocardiopsis JEava DSM 438ST, and Nocardiopsis longispora DSM 43749T have been described by Preobrazhenskaya et al. (27) . Nocardiopsis mutabilis DSM 43853= (31) and Nocardiopsis syringae DSM 43886T (6) are known to produce antibiotics. These organisms possess totally different biochemical characteristics compared with cluster I organisms. They have mesodiaminopimelic acid in their peptidoglycan and contain no diagnostic sugars (cell wall type I11 according to the classification of Lechevalier and Lechevalier [ 171). Whole-cell Table 5 . Table  5 shows that it is easy to distinguish between these two genera by using chemotaxonomic markers like occurrence of rhamnose in whole-cell hydrolysates, menaquinone pattern, phospholipid type, and fatty acid composition. Physiology. We used 32 physiological tests to elucidate differences at the species level among the 10 strains of The data are expressed as percentages of the total amounts of fatty acids detected.
The Nocardiopsis spp. strains did not include Nocardiopsis coeruleofusca, Nocardiopsis Java, Nocardiopsis longispora, Nocardiopsis mutabilis, and Nocardiopsis syringae strains. Nocardiopsis antarcticus and "Nocardiopsis atra" strains were induded. The Saccharorhrix spp. strains included the five strains that were not included in the analysis of Nocardiopsis spp.
Diagnostic fatty acid.
cluster I (Table 6 ). We were able to recognize five species by means of numerical taxonomy (Fig. 1) 
According to classification of Lechevalier and Lechevalier (17). According to classification of Kroppenstedt (10).
PC, Phosphatidylcholine; PME, phosphatidylmonomethylethanolamine; OH-PE, phosphatidylethanolamine with 2-hydroxylated fatty acids; lyso-PE, ly so-phosphatidylethanolamine.
According to the classification of Lechevalier et al. (16) .
Only trace amounts were detected.
Nocardiopsis species ( Table 6 and Fig. 1 ). Mikami et al. (20) reported that this organism grows at pH 11.5. Only 6 of the 420 strains from the ISP which were tested by these authors showed this alkali-tolerant behavior. However, this organism clearly belongs to the genus Nocardiopsis because its biochemical characteristics are similar to those of Nocardiopsis dassonvillei subsp. dassonvillei, especially the phospholipid ( Table 2 ) and fatty acid compositions ( Table 3) . On the basis of the physiological data, we conclude that "Streptomyces listeri' ' has some relationship to Nocardiopsis dassonvillei ( Table 6 ). The similarity of the fatty acid composition of this strain to that of Nocardiopsis albus subsp. prasina (Fig. 2) implies that these two organisms are related. However, "Streptomyces listeri" has a different menaquinone pattern ( (Fig. l) , it is clear that strains DSM 404GT (Nocardiopsis alborubidus) and DSM 40297T (Nocardiopsis listeri) are Nocardiopsis species which are different from all other species of this genus.
The 32 physiological and 34 biochemical characteristics were subjected to numerical analysis (Fig. 1) . The resulting taxonomic classification bears a close resemblance to that obtained from the numerical analysis of fatty acid compositions (Fig. 2) . With both methods a significant difference between the Nocardiopsis cluster (cluster I) and the Saccharothrix cluster (cluster 11) is obtained. Strain DSM 43884, the (Table 6) , and 34 chemotaxonomic characters by using the coefficient of similarity of Sneath (34) and the average linkage procedure. We examined 15 strains which were originally described as Nocardiopsis species. Cluster I, Nocardiupsis; cluster 11, Saccharothrix. Usually there is no pigmentation of the substrate mycelium; however, on some substrates, such as melezitose, a brownish-red pigmentation of the substrate mycelium appears. The aerial mycelium is in the white color series, and the spore chains are recti-flexibilis.
Calcium oxalate, esculin, and adenine are hydrolyzed; hypoxanthine, tyrosine, and xanthine are not. Glucose, arabinose, xylose, fructose, melezitose, rhamnose, sucrose, dextrin, adonitol, myo-inositol, and sorbitol are used as sole sources of carbon, and no growth is observed with melibiose, cellobiose, raffinose, or lactose as the carbon source. An alkaline reaction is observed with quinate, citrate, lactate, malate, and malonate. The organism can grow in the presence of 5% NaCl but not in the presence of 50 kg of lysozyme per ml. Benzoic acid, salicylic acid, and parahydroxybenzoic acid are degraded, but meta-hydroxybenzoic acid is not. The optimal growth temperature is 28"C, and no growth occurs at 45°C. The organism is alkali tolerant and grows at pH 11. type strain of Nocardiopsis antarcticus, was not available when we did the physiological tests and was not included in Fig. 1 . The results from the MIS system show that this species is a member of the genus Nocardiopsis and has some relationship to the type species, Nocardiopsis dassonvilfei. Strains DSM 40034=, DSM 43385, DSM 40225, and DSM 4380aT are members of the genus Saccharothrix and are included in Fig. 2 stages of sporulation a zigzag-shaped aerial mycelium is observed. The best formation of aerial mycelium appears when the organism is grown on Czapek-Dox agar supplemented with yeast extract (2.0 ghter), Casamino Acids (6.1 dliter), and tryptophan (20 mgfliter).
Esculin, adenine, hypoxanthine, and xanthine are hydrolyzed by all four strains of Nocardiopsis albus subsp. albus; tyrosine is hydrolyzed by only three strains. Calcium oxalate crystals are not solubilized. Glucose, fructose, cellobiose, sucrose, and dextrin are used as sole sources of carbon. Arabinose and sorbitol are utilized by only one of the four strains. Xylose, melezitose, melibiose, raffinose, rhamnose, lactose, adonitol, and myo-inositol are not utilized. An alkaline reaction is observed with citrate, lactate, malate, and malonate; no alkaline reaction occurs with quinate as the carbon source. Growth occurs in the presence of 5% NaCl and not in the presence of 50 pg of lysozyme per ml. Benzoic acid, salicylic acid, meta-hydroxybenzoic acid, and parahydroxybenzoic acid are not degraded. The optimal growth temperature is 28°C; no growth occurs at 45°C. Nocardiopsis albus subsp. albus is easily differentiated from Nocardiopsis dassonvillei by its inability to utilize arabinose, xylose, and rhamnose and to hydrolyze calcium oxalate crystals. Tyrosine crystals are hydrolyzed by Nocardiopsis albus subsp. albus but not by Nocardiopsis dassonvillei. The type strain of Nocardiopsis albus subsp. albus is strain DSM 43377.
(iii) Nocardiopsis albus subsp. prasina comb. nov. The description below is based on the original description of this species by Miyashita et al. (24) , supplemented by our observations of strain DSM 43845T (= JCM 3336T).
Excellent growth and abundant aerial mycelium formation appear at pH 9.0 and above. The substrate mycelium is colorless, and the aerial mycelium is white to pale pink; a greenish shade is occasionally observed. The sporophore morphology is recti-flexibilis, and a zigzag-shaped aerial mycelium is observed at the beginning of sporulation. Esculin, adenine, hypoxanthine, and xanthine are hydrolyzed; calcium oxalate and tyrosine are not. Glucose, arabinose, fructose, cellobiose, dextrin, and glycerol are used as carbon sources. Xylose, melezitose, melibiose, raffinose, rhamnose, sucrose, lactose, adonitol, myo-inositol, and sorbitol are not utilized. An alkaline reaction is observed with citrate, lactate, and malate. No alkaline reaction occurs with quinate and malonate as carbon sources. Growth occurs in the presence of 5% NaCl but not in the presence of 50 pg of lysozyme per ml. Benzoic acid, salicylic acid, meta-hydroxybenzoic acid, and para-hydroxybenzoic acid are not degraded. The optimal growth temperature is 28"C, and no growth occurs at 45°C.
This subspecies is differentiated from Nocardiopsis albus subsp. albus by its higher pH optimum, the lack of an alkaline reaction with malonate, and the inability to grow with sucrose as a sole source of carbon.
(iv) Nocardiopsis listeri sp. nov. The description below is based on the studies carried out by the ISP (33) and on our observations of strain DSM 40297T.
No pigmentation of the substrate mycelium is observed on any of the media which have been tested. Usually no aerial mycelium is formed, unless the strain is grown on HT agar (8, 9) , on which a white aerial mycelium is present.
Esculin, adenine, tyrosine, and xanthine are hydrolyzed; calcium oxalate and hypoxanthine are not. Glucose, arabinose, xylose, fructose, cellobiose, rhamnose, sucrose, and dextrin are used as carbon sources. Melezitose, melibiose, raffinose, lactose, adonitol, myo-inositol, and sorbitol do not support growth. An alkaline reaction is observed with citrate, lactate, and malate, but no alkaline reaction occurs with quinate and malonate. Growth occurs in the presence of 5% NaCl but not in the presence of 50 pg of lysozyme per ml. Benzoic acid, salicylic acid, meta-hydroxybenzoic acid, and para-hydroxybenzoic acid are not degraded. The optimal growth temperature is 28"C, and no growth occurs at 45°C. This species is differentiated from Nocardiopsis dassonvillei by its different menaquinone pattern, the absence of an alkaline reaction in the presence of malonate, and its inability to hydrolyze hypoxanthine and calcium oxalate crystals. Tyrosine crystals are hydrolyzed by this species but not by Nocardiopsis dassonvillei. The type strain of Nocardiopsis listeri is strain DSM 40297 (= ATCC 27442 = ISP 5297 = CBS 661.72 = NCTC 434 = RIA 1321 = IF0 13360 = KCC S-0782).
